Two hundred disturbed and undisturbed soil samples were collected from three depths: 0-15, 15-30 and 30-60 cm. Particle size distribution, organic matter, alkalinity, electrical conductivity, and saturated hydraulic conductivity were determined for each soil sample. The soil water retention curve for each soil sample was measured at matric potentials of 0, -20, -40, -60, -80, -100, -330, -500, -1000, -3000, -5000, -10000, and -15000 hPa. The developments of PTFs for soil hydraulic properties were done using backward multiple regression analysis. The performance of all developed PTFs showed that as more input variables were included, mean error (ME), mean absolute error (MAE), and root mean square error (RMSE) were decreased; intercept and slope also of the linear regression analysis were become closer to zero and one, respectively. The developed PTFs were evaluated using 30 independent soil samples which were not used in PTFs development. The regression coefficient, ME, MAE, RMSE, intercept and slope were relatively close to the developed PTFs. Additionally, the correlation between predicted and measured properties were not significantly different at 0.05 level. It was noticed that the developed PTFs performed well in predicting soil hydraulic properties. As a result, this suggests that the developed PTFs can be used to estimate soil hydraulic properties using the basic soil properties instead of using available PTFs which is estimation and performance should be assessed as the soils used in its development were relatively dissimilar from our soils.
INTRODUCTION
Soil water retention curve (SWRC), available water content (AW), soil water content at field capacity and permanent wilting point (θ FC , θ PWP ), and saturated hydraulic conductivity (K sat ) are the basis soil properties used for calculating irrigation scheduling (Hansen et al., 1980) , infiltration capacity (Mohawesh et al., 2005a) , drainage, solute and water movement and transport , and to find out water accessibility (Sys et al., 1991) . If the region which is being investigated is quite small or identified to be relatively homogeneous with respect to soil properties, determinations of SWRC, AW, θ FC , θ PWP , and K sat at a practical number of samples should give reliable estimates (Mohawesh et al., 2005b) . On the other hand, if the area exhibit considerable spatial variability of soil properties, it is almost impractical to achieve adequate measurements to provide a reliable measurements within the temporal and financial limits of the study (Mohawesh et al., 2005b) .
Since measurement of soil hydraulic properties are costly and time consuming, the number of measured hydraulic properties data is usually insufficient, and is usually less than necessary to fully describe soil heterogeneity. Consequently, easier methods are essential to estimate soil hydraulic properties for describing the variability of soil properties (Schaap et al., 2001 ).
Numerous indirect methods for estimating of soil hydraulic properties have been developed. These methods are called pedotransfer functions (PTFs) (Bouma and van Lanen, 1987) . The term PTFs is defined as using basic soil survey data to predict soil hydraulic data (Bouma, 1989) . The PTFs are normally empirical relationships that predicted soil hydraulic properties from more generally available data, bulk density, soil texture and organic matter. There are two types of PTFs: point estimation methods and parametric estimation methods (Tietje and Tapkenhinrichs, 1993) .
Point estimation methods allow estimating soil hydraulic properties at specific pressure heads or water content (Gupta and Larson, 1979; Minasny et al., 1999; Tomasella et al., 2003) . Parametric methods estimate the parameters of SWRC models (Brooks and Corey, 1964; Campbell, 1974; van Genuchten, 1980) . Still, since PTFs are developed based on a limited number of soil samples, its performance in case of different soil environment other than used soils for PTFs development is not clear (Donatelli et al., 1996; Wösten et al., 1999) . In addition, a considerable effort has been done to verify and evaluate the existing PTFs (Abbasi et al., 2011; Givi et al., 2004; Fooladmand, 2011; Cornelis et al., 2001; Mbonimpa et al., 2002; Tomasella et al., 2003 , Mohawesh, 2013 . Moreover, the existing PTFs are differing in their data requirements. Mohawesh (2013) compared the estimated and measured experimental data using 18 PTFs in Jordan valley. He showed that the existing PTFs can generate considerably dissimilar estimates. Moreover, the estimated soil hydraulic properties using PTFs led to variable values depending on the input data. The author concluded in his study that without local validation or claibration, PTFs can produce errors, which cannot be avoided. In addition, researchers in countries such as Jordan with inadequate soil hydraulic properties frequently face difficulties were one or more PTFs input parameter is not available. Thus, the objectives of this study were to: (i) develop PTFs to estimate soil hydraulic properties of agricultural irrigated lands under arid and semi-arid environments; (ii) assess the validity of the estimated soil hydraulic properties using different input data. and electrical conductivity (EC 1:1 ) were determined for each soil sample. OM was determined by Walkley and Black method (Walkley and Black, 1934) , PSD was determined using the hydrometer method (Gee and Bauder, 1986) . The undisturbed soil samples were wetted from the bottom by increasing the water level gradually to prevent air entrapment for 3 days. Then, K sat was determined for each soil sample using the constant head method (Reynolds et al., 2002) The intention of multiple regressions is to find out more about the relationship between several predictor variables (independent) and dependent variables.
MATERIALS AND METHODS

Soil sampling and soil characterization
Multiple linear regressions (MLR) are the most common method used in development PTFs (Mohawesh, 2013) .
The general form of the regression equations is:
Where Y is the dependent variables: θ s , θ r , α, n, Ө FC, Ө PWP , logK sat , and AW, the intercept, A1 to An are regression coefficients, and P1 to Pn are independent variables referring to basic soil properties: Si, Sa, Cl, C,OM, ρ b , PH, and EC. This study also evaluates diverse combinations of basic soil properties data inputs for estimating soil hydraulic properties. Moreover, in order to evaluate the developed PTFs, the performance of PTFs was done using 30 independent soil samples which were not used in PTFs development
Statistical analysis
The correlation and multiple regression analyses using the SPSS package were carried out to formulate the PTFs of these parameters, based on the basic soil properties. The goodness of the estimated soil hydraulic properties using developed PTFs models with different input data were compared with the measured hydraulic properties. The following criteria were calculated: root means square error (RMSE), mean biased error (ME), mean absolute error (MAE) and coefficient of determination (R 2 ). The following equations were used for the computation of the aforementioned parameters:
where X i : measured soil hydraulic properties; Y i : estimated soil hydraulic properties using PTFs;
average values of the corresponding variable; n: number of data. Additionally, linear regressions were applied between measured and estimated hydraulic properties.
Logarithmic values of K sat were used to account for its lognormal distribution (Mohawesh et al., 2005a) .
Statistical analysis of differences at P = 0.05 between measured and estimated values were performed using the software package SPSS 17. Table ( . The van Genuchten's model parameters varied among the fitted samples, in that n and α ranged from 1.13 to 2.41 and 0.0010 to 0.3722, respectively. The measured hydraulic properties also were quite variable among the soil samples (Table 1) . Table ( 
RESULTS AND DISCUSSION
classes, the multiple regression analysis was done for the whole data out in textural groups (Li et al., 2007) . The final multiple regression equations and statistical analysis are shown in Table ( Table 3 shows that as more input variables were included, ME, MAE, RMSE were decreased. Also, the intercept and slope of the linear regression analysis between the measured and estimated soil hydraulic properties were become closer to zero and one, respectively, as increasing the number of input variable. However, the requested input data for the model should be taken into consideration when using the desired model.
In order to validate the developed PTFs, the performance of PTFs was done using 30 independent soil samples which were not used in PTFs development.
The best performed equation in terms of R for each soil hydraulic parameters was used for our validation test.
The results are summarized in Table ( number of input data, while RMSE, ME, and MAE relatively decreased with increasing the number of input data. In order to evaluate the developed PTFs, the performance of PTFs was done using independent soil samples which were not used in PTFs development. It was noticed that the developed PTFs performed well in predicting soil hydraulic properties. Thus, this suggests that the developed PTFs can be used to estimate soil hydraulic properties using the basic soil survey data. However, the requested input data for the model should be taken into consideration when using the desired model.
